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ASYMETRICAL PROCESS PARAMETER 
CONTROL SYSTEM AND METHOD 

BACKGROUND 

The present invention relates generally to process control 
systems and, more particularly, to model predictive control of 
one or more asymmetrical process parameters in a process. 

Manufacturing processes typically share the common goal 
of ensuring that a resulting product conforms to certain target 
quality speci?cations. In controlling a process in this regard, 
a determination as to Whether a resulting product conforms to 
a particular quality standard may be indicated by one or more 
quality parameters derived or measured during the process. In 
some instances, these quality parameters may be measured 
online by using one or more measurement devices, such as 
sensors, transducers, or the like. Thus, using measured quality 
parameter values, a control system may be able to adjust one 
or more process variables of the manufacturing process in 
order to maintain the quality parameter at a desired target 
value (e.g., a set point, range, or maximum, etc.). 

In some processes, certain quality parameters may not be 
directly measurable using conventional sensors and measur 
ing devices. For example, in a paper manufacturing process, 
certain quality parameters of a ?nished paper product, such as 
a paper strength property, are typically only measurable by 
taking a sample of ?nished paper and performing various 
destructive tests in a testing setting that is separate from the 
process, such as in a dedicated or automated testing system, 
through one or more laboratory-based tests or measurements, 
or by other of?ine product testing arrangements (e. g., includ 
ing of?ine sensors not in direct communication With the pro 
cess system). These samples are normally taken When a reel 
of ?nished paper is removed from the paper machine. Thus, 
these “off-process” measurements may not be available for 
use in the process for control purposes during the production 
of the reel from Which the measurement is obtained. 
One solution for providing closed loop control of a param 

eter that cannot be directly measured While a process is run 
ning is through the use of one or more inferential models 
con?gured to provide a predicted value of the parameter. The 
predicted values Which may be used by a dynamic predictive 
control model to control one or more manipulated variables 
(MV’s) of the process in order to drive the predicted values 
produced by the inferential model toWards a desired target set 
point or range of acceptable values. Generally, the inferential 
model differentially determines a predicted or estimated 
value for the parameter based upon relationships betWeen one 
or more MV’s and/ or disturbance variables (DV’s) of the 
process. As Will be appreciated, MV’s are those variables 
Which can be controlled by a controller in order to achieve the 
targets or goals indicated by controlled variables (CV’s) 
Which the controller tries to bring to some objective (e.g., to a 
target set point, maximum, etc.). DV’s may be regarded as 
those variables Which may affect the resulting objective 
parameter (e.g., paper quality parameter), but that the con 
troller may not be able to regulate. 

While the use of inferential models in measuring such 
parameters provides a baseline for closed loop control, mis 
matches betWeen the predicted value and an actual value of 
the parameter (e.g., laboratory measurement) may occur due 
to imperfections in the modeling algorithms, unmeasured 
disturbances and, in some cases, immeasurable disturbances 
in the process system. Accordingly, a prediction error may be 
determined by comparing the predicted value of the param 
eter With a corresponding off-process measurement taken 
from a sample of a ?nished product. This prediction error may 
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2 
be used to compute a biasing factor that is used to bias the 
predicted values provided by the inferential model, thus pro 
ducing an adjusted predicted value of the quality parameter 
Which may be used by a dynamic predictive control model to 
determine the appropriate control actions required for driving 
the parameter toWards the target set point. HoWever, the use of 
the off-process measurements themselves is not Without 
drawbacks. For example, in many cases, off-process mea 
surements have their oWn disturbance characteristics due to 
inconsistencies or human/machine errors in performing or 
obtaining measurements. Often times, measurements taken 
from multiple samples obtained from the same sheet of paper 
may produce different measurements. Thus, off-process mea 
surements are often ?ltered such that a biasing factor used in 
adjusting the predicted values from the inferential model may 
only re?ect a portion of the prediction error. 

Still further, certain processes parameters may have asym 
metrical characteristics With a limit imposed more strictly in 
one direction than the opposing direction. For example, in the 
case of a paper strength parameter, an asymmetrical charac 
teristic may be that the paper product must at least meet a 
certain strength value. If the paper fails to meet at least the 
target strength value, the paper may be rejected as being 
unmarketable, thus resulting in a loss of return on all opera 
tion costs associated With producing the rejected product. 
HoWever, if the paper exceeds the speci?ed strength value, 
this deviation may be acceptable, though not necessarily opti 
mal in terms of production costs, for example. That is, the 
marginal cost of producing a product that exceeds a target 
speci?cation is often preferable to producing a rejected prod 
uct that fails to even satisfy the minimum acceptable speci? 
cations. Accordingly, there exists a need for a technique to 
adaptively control an asymmetrical process parameter based 
on laboratory measurements to correct for prediction mis 
matches more quickly in a particular direction. 

BRIEF DESCRIPTION 

Embodiments of the present invention provide a technique 
for asymmetric control of a process parameter in a control 
system. The technique may be used in any suitable control 
system, including those used in industrial applications, com 
mercial applications, vehicles, manufacturing applications, 
and so forth. 
The present technique generally provides for the adaptive 

biasing of a prediction error betWeen a laboratory measure 
ment and a predicted value of an asymmetrical parameter. As 
used herein, it should be understood that an asymmetrical 
parameter refers to a parameter having a limit imposed more 
strongly in one direction than another. For instance, in the 
context of a paper manufacturing process, various strength 
parameters may be de?ned in such a manner that a paper 
product must at least meet a certain strength in order to satisfy 
a target quality requirement. That is, paper that is stronger 
than the minimum target, though not necessarily optimal, 
may still be acceptable. For instance, the marginal additional 
costs incurred by producing a product that exceeds the 
required speci?cations may be preferable as opposed to the 
expenses incurred in manufacturing a rejected product that 
fails to meet the quality targets. 

In accordance With the present technique, based upon the 
direction of a prediction error, a ?ltering factor may be 
selected. In particular, the asymmetric control technique may 
provide for a higher ?ltering factor if the prediction error is 
determined to be in a less tolerable direction. For instance, 
referring to the paper manufacturing scenario discussed 
above, if the prediction error indicates that the off-process 
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measurement is loWer than the predicted value, a higher ?l 
tering factor is selected. If the prediction error is indicates that 
the off-process measurement of the paper strength is higher 
than the predicted value, a loWer ?ltering factor is selected. 
The ?ltering factor and the prediction error may be used to 
compute a biasing factor. Where the prediction error is in the 
less tolerable direction, the error may be re?ected more 
heavily in the biasing factor due to the use of a higher ?ltering 
value. Conversely, Where the prediction error is in the oppos 
ing direction, the error may be less emphasiZed in the biasing 
factor due to the loWer ?ltering value. Further, in certain 
implementations, the calculation of the biasing factor may 
further be based upon a function of a historical biasing value. 
Overall, the application of the techniques described herein 
may thus advantageously provide a mechanism for adaptively 
correcting asymmetric process parameters, such that predic 
tive measurement mismatches in one direction (e.g., a less 
tolerable direction) may be adapted more quickly than mis 
matches in the opposing direction. 

DRAWINGS 

These and other features, aspects, and advantages of the 
present invention Will become better understood When the 
folloWing detailed description is read With reference to the 
accompanying draWings in Which like characters represent 
like parts throughout the draWings, Wherein: 

FIG. 1 is a diagrammatical representation of a process 
system equipped With a control system having one or more 
controllers and designed to implement the present technique; 

FIG. 2 is a diagrammatical representation of certain func 
tional components Which may be included a controller of 
FIG. 1; 

FIG. 3 is a diagrammatical representation of a paper manu 
facturing plant equipped With a control system including a 
plurality of control models and biasing logic that may collec 
tively provide for control of an asymmetrical parameter of the 
paper manufacturing process in accordance With the present 
technique; 

FIG. 4 is a diagrammatical representation depicting a con 
trol algorithm that may be carried out by the control models 
and the biasing logic implemented b the control system of 
FIG. 3 for controlling the asymmetrical parameter; 

FIG. 5 is a diagrammatical representation of the biasing 
logic of FIGS. 3 and 4 in accordance With an implementation 
of the present technique; 

FIG. 6A is a graphical representation illustrating the bias 
ing of an inferential model prediction using a conventional 
control system; 

FIG. 6B is a graphical representation illustrating the asym 
metric biasing of a inferential model prediction in accordance 
the asymmetrical control techniques depicted in FIGS. 4 and 
5; 

FIG. 7A is a graphical representation illustrating the con 
trol of a process parameter using the biasing techniques set 
forth in FIG. 6A; 

FIG. 7B is a graphical representation illustrating the con 
trol of a process parameter using the asymmetrical biasing 
techniques set forth in FIG. 6B; and 

FIG. 8 illustrates exemplary logic for carrying out the 
present technique for controlling an asymmetric process 
parameter. 

DETAILED DESCRIPTION 

Turning noW to the draWings, and referring ?rst to FIG. 1, 
a process system 10 is illustrated that is at least partially 
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4 
regulated by a control system 12 having one or more control 
lers 14. As Will be appreciated by those skilled in the art, the 
process system 10 may be any conceivable type of process, 
such as a manufacturing process, a steady state or batch 
process, a chemical process, a material handling process, an 
energy production process, and so forth. In an exemplary 
embodiment, as Will be described in further detail beloW With 
reference to FIG. 3, the process system 10 may be imple 
mented in the context of a paper manufacturing process. 

In general, the process system 10 of FIG. 1 may receive one 
or more inputs 16, and produce one or more outputs 18. By 
Way of example, in complex processes found in the industry, 
many such inputs may be utiliZed, including feed stocks, raW 
materials, electrical energy, fuels, parts, assemblies and sub 
assemblies, and so forth. The outputs 18 may include ?nished 
products, semi-?nished products, assemblies, manufacturing 
products, by products, and so forth. Based upon the system 
dynamics, the physics of the system and similar factors, the 
control system 12, may regulate operations of the process 
system 10 in order to control both the production of the 
outputs as Well as quality of the outputs, and so forth. 

In the illustrated embodiment, the control system 12 may 
perform control functions 22 in response to process informa 
tion 20 received from the process system 10. For instance, the 
process information 20 may be provided by one or more 
sensors 24 con?gured to detect and/or measure certain 
parameters of the process system 10, Which may include 
measurements representative of both MV’ s, DV’ s, and CV’s. 
In general, such sensors 24 may include measurement 
devices, transducers, and the like that may produce discrete or 
analog signals and values representative of various variables 
of the process system. The sensors 24 may be coupled to the 
one or more controllers 14 of the control system 12. In prac 
tice, many such sensors and more than one controller 14 may 
be provided in the control system 12. Such sensors 24 com 
monly produce voltage or current outputs that are represen 
tative of the sensed variables. The process information 20 
may represent “on-process” measurements of various param 
eters obtained directly from the process (e.g., using the sen 
sors 24). As used herein, the terms “on-process measure 
ments” or “online measurements” or the like shall be 
understood to refer to measurements of process parameters 
acquired directly from the process system 10. Additionally, 
the process information 20 may also include controllable and 
external operating constraints, as Well as user-speci?ed set 
points. The process information 20 may also include control 
lable and external operating constraints, as Well as user-speci 
?ed set points, for example. 
The control system 12 or other signal processing circuitry 

may develop or derive values for certain system parameters 
based upon a predictive control model, Which may de?ne 
mathematical relationships betWeen the measured values and 
those desired parameters. Such inference may be particularly 
useful Where control is desired based upon particular system 
parameters that are impossible or di?icult to detect. The 
present technique for model predictive control may thus 
employ virtual sensors, such as a Virtual Online AnalyZer® 
(VOA) available from Pavilion Technologies, Inc., of Austin, 
Tex., that effectively operate as a sensor by differentially 
determining certain desired variables for control purposes. 
Further, in some embodiments, the control actions may be 
determined using a dynamic predictive model Which may not 
only be adapted to control quality targets, but may also take 
cost considerations (e.g., based on a cost function) into 
account. 

FIG. 2 illustrates certain exemplary components that may 
be included in a controller 14 of the type illustrated in FIG. 1, 
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Which may be con?gured to implement various model pre 
dictive control techniques. Many other components may be 
included in the controller 14 depending upon the system 
design, the type of system controlled, the system control 
needs, and so forth. In the illustrated embodiment, the inter 
face circuitry 34 receives process information 20 Which, as 
discussed above, may include values or signals obtained 
using the sensors 24. The interface circuitry 34 may include 
?ltering circuitry, analog-to-digital conversion circuitry, and 
so forth. The interface circuitry 34 is in data communication 
With the processing circuitry 36, Which may include any 
suitable processor, such as a microprocessor, a ?eld program 
mable gate array, and so forth. The processing circuitry 36 
may carry out control functions and, in the present embodi 
ment, may perform model predictive control functions based 
upon knowledge of certain aspects of the process system 10. 
By Way of example, the processing circuitry 36 may execute 
one or more model predictive control algorithms to develop 
values for the controlled variable, including forWard-looking 
trajectories for MV’s and CV’s. Such algorithms, as illus 
trated herein, may be de?ned by one or more control models 
40 stored in a memory circuit 38 communicatively coupled to 
the processing circuitry 36. In practice, the one or more con 
trol models 40 may include a plurality of control models 
operating in cooperation to achieve a particular control obj ec 
tive. The memory circuit 38 may include biasing logic, rep 
resented here by the reference number 42, Which may be 
con?gured to provide for the asymmetric control of one or 
more process parameters, as Will be discussed further beloW. 
The memory circuit 38 may also include control routines 
executed by the processing circuitry 36, as Well as store 
certain desired variables, variable settings, set points, and so 
forth, as Will be appreciated by those skilled in the art. 

The processing circuitry 38, based upon the control algo 
rithm or algorithms de?ned in the one or more models 40 and 
the biasing logic 42, may output signals to the interface cir 
cuitry 44 that may be used to drive the actuators 26 of the 
process system 10 of FIG. 1. The interface circuitry 44 may 
include various driver circuits, ampli?cation circuits, digital 
to-analog conversion circuitry, and so forth. That is, based 
upon the process information 20 received (Which may include 
measured or inferred values of the MV’s or CV’s), the con 
troller 14 may determine appropriate control actions or out 
puts based on the variable relationships, constraints, and/or 
objectives de?ned by the control models 40. The controller 14 
may also include communications interface circuitry 46. By 
Way of example, the communications interface circuitry 46 
may include netWorking circuitry con?gured to netWork the 
controller 14 With other controllers that may be implemented 
in the control system 12, as Well as With remote monitoring 
and control systems, for instance. Further, the communica 
tions interface circuitry 46 may also netWork the controller 14 
With the laboratory testing facility 28 shoWn in FIG. 1 for 
receiving laboratory data 30 representing the measurements 
of certain process parameters. Particularly, these laboratory 
measurements 30 may represent the measured values of 
parameters not directly measurable during the period in 
Which the product 18 is being produced by the process system 
10, and may be obtained or measured by performing one or 
more destructive testing procedures on a sample of the ?n 
ished product 18. While this component has been referred to 
herein as a “laboratory testing facility” for purposes of the 
present discussion, it should be understood that the o?line 
testing arrangement represented by the reference numeral 28 
may include any conceivable type of testing arrangement 
capable of obtaining and providing off-process measure 
ments of process parameters, including automated or dedi 
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6 
cated testing equipment, o?line sensors, to name just a feW. 
As used herein, the terms “off-process measurements” or 
“of?ine measurements” or the like shall be understood to 
refer to measurements of process parameters acquired in such 
settings Which are separate from the process system 10. 
As mentioned above, due to a limited number of data points 

that may be provided by the laboratory testing facility 28, the 
models 40 implemented by the controller 14 may include one 
or more inferential models con?gured to compute predicted 
values for the process parameter. These predicted values may 
be utiliZed by a dynamic predictive control model to control 
the process parameter. As Will be appreciated, inferential 
models may be con?gured to differentially determine a pre 
dicted value for the parameter based upon the de?ned rela 
tionships betWeen one or more measured variables provided 
by the process information inputs 18, Which may include the 
values ofMV’s and/or DV’s ofthe process system 10. That is, 
an inferential model effectively provides a virtual sensor. In a 
presently contemplated embodiment, a virtual sensor imple 
menting an inferential model may be provided as a Virtual 
Online AnalyZer® available from Pavilion Technologies, 
Inc ., of Austin, Tex. Further, it should be understood that basis 
for such control system designs may include parametric mod 
els, neural netWork models, linear and non-linear models, to 
name only a feW. 
The biasing logic 42 may determine a biasing factor using 

the knoWn laboratory measurements 30 to bias the predicted 
value, thus producing an adjusted predicted value that may be 
utiliZed by the dynamic predictive model to implement the 
required control actions for controlling the parameter. As Will 
be discussed in further detail beloW, Where the controlled 
parameter is de?ned asymmetrically, such as having an 
imposed limit in one direction, the biasing logic 42 may be 
con?gured to adaptively bias predicted parameter values gen 
erated by one or more inferential models more aggressively in 
the limited less tolerable direction. 
As mentioned above, the present control techniques may 

be particularly applicable for controlling an asymmetric qual 
ity parameter in a continuous paper manufacturing process, as 
shoWn in FIG. 3 and generally designated by the reference 
numeral 52. Several quality parameters in paper processing 
may be characterized as having asymmetrical characteristic. 
For instance, various strength parameters may be de?ned 
such that a paper product produced by the paper manufactur 
ing process 52 must meet at least a certain strength level. By 
Way of example, one such parameter may be an internal bond 
strength parameter, such as Scott bond. As Will be understood 
by those skilled in the art, internal bond measurements are 
generally used to re?ect the internal bond strength of papers 
made from various pulps. For example, an internal bond 
strength of a paper product may be measured in units of 
Joules/meters2 (J/m2). Accordingly, if the internal bond value 
of a ?nished paper product fails to meet a certain target 
threshold, then the product may be rejected as failing to meet 
a minimum quality guideline for conforming to industry stan 
dards With respect to product speci?cations. HoWever, if the 
internal bond value exceeds the requisite strength target, such 
deviations, While not optimal, may be acceptable or tolerable 
to a certain extent. As Will be appreciated, internal bond 
strength may be in?uenced by a variety of factors, such as 
thickness, ?ller content and the type of ?ber used in produc 
ing the paper product 60. 
The subsequent ?gures are intended to illustrate a tech 

nique for implementing asymmetric control of a paper 
strength parameter in accordance With an embodiment of the 
present invention. It should be understood, hoWever, that the 
illustrated embodiment is intended only to be exemplary, and 
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that the present technique is not necessarily limited to paper 
manufacturing process. Indeed, as those skilled in the art Will 
appreciate, the present technique may be applicable to vari 
ous types of process systems in Which a controlled parameter 
is de?ned as having asymmetrical limits. The illustrated 
paper manufacturing process 52 may be adapted to produce a 
paper product 60 and may include a broke system 54, a stock 
blending system 56, and a paper machine 58. The output of 
the broke system 54 and additional additives materials, 
including chemical and ?ller materials are combined With the 
output of the stock blending system 56 to generate pulp slurry 
to be processed by a paper machine 58 for the formation of 
paper 60, as Will be discussed beloW. 
As shoWn in the present, the broke system 54 may include 

one or more broke tanks 62 Which may store and feed the 
broke to one or more broke chests 64. Broke from the broke 
chests 64 may be re?ned by the broke re?ning unit 66. The 
re?ned broke output of the re?ning unit 66 is provided to the 
mix chest 68. Here, additional additives 70, Which may 
include ?llers, chemical agents, and starch, may be added to 
provide certain properties in the paper product. Depending on 
the speci?c desired properties of the resulting paper product, 
a number of additives may be incorporated here or at other 
locations in the process 52. For example, siZing agents, such 
as alkylketene dimmer (AKD) or alkylsuccinic anhydrides 
(ASA) may be added to control the hydrophobicity of the 
paper product by controlling the amount of Water the paper 
Will absorb. For instance, certain paper products adapted for 
Writing may require a relatively sloW rate of absorption With 
regard to the Water-based inks that may be used, Whereas 
other paper products used in the cleaning industry are typi 
cally engineered to absorb large amounts of Water quickly. 
The ?ller components may include dyes, clay, talc, and cal 
cium carbonates, for example, Which may contribute to the 
opacity or color characteristics of the paper. 

The stock blending system 56 may include various re?ning 
units for preparation of a number of re?ned stock furni shes. In 
the present embodiment, the stock blending system 56 may 
include a ?rst fumish re?ning unit 72 for producing a ?rst 
furnish stock, though any number of fumish re?ning units, 
represented here by the reference number 74, may be pro 
vided to produce the necessary stock fumish materials for 
producing the paper product. These re?ning units 72-74 may 
control the ?ber development of the stock furnishes that are 
provided to the blend chest 76. The blend chest 76 output of 
the stock blending system 56 may then be provided to the mix 
chest 68 along With the re?ned broke from the broke system 
54 and the additives 70. Once mixed, the contents of the mix 
chest 76 may be provided to the machine chest 78 prior to 
being processed by the paper machine 58. The paper machine 
58 may include a dilution controlled head box (not shoWn) 
through Which the contents of the machine chest 78 may be 
provided to a forming section 80, Which may include a Wire 
press, for example. The formed sheets may then be passed 
through one or more press sections 82 to remove additional 
Water and moisture from the paper before continuing through 
a series of drying sections 84. The output of the drying sec 
tions 84 may the proceed through a surface treatment section 
86, a ?nishing section 88, and one or more drive sections 90. 
The output of the paper machine 58 may be a ?nished paper 
product 60. As Will be appreciated, the paper product 60 
produced by the paper manufacturing system 52 is commonly 
stored in reels Which may later be apportioned into smaller 
siZes for distribution to customers (e.g., reams). 
The broke system 54 and stock blending system 56 may be 

at least partially controlled by a control system 94. In the 
presently illustrated embodiment, the control system 92 may 
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8 
be adapted to provide for the asymmetric control of a paper 
strength parameter, such as internal bond. As discussed 
above, because the paper product 60 may be required to meet 
at least a certain strength target, control may be applied more 
aggressively When internal bond value is determined to be 
beloW the target value and less aggressively When internal 
bond exceeds the minimum target value. As Will be appreci 
ated, the internal bond strength of a sample of paper may be 
in?uenced by a variety of factors, such as thickness, ?ller type 
or content, ?ber type, and surface treatment, among other. 

Because internal bond is typically only measurable 
through destructive testing procedures performed in a labo 
ratory 28, the control system 92 may include an inferential 
model 94 con?gured to estimate a raW predicted value for 
internal bond. To perform the estimation of internal bond, the 
control system 92 may receive measured values of one or 
more MV’s and/or DV’s, referred to here by the reference 
number 100, from various components of the paper process 
52, including one or more of the broke system 54, the stock 
re?ning system 56, or the paper machine 58. These process 
variable values may be measured or derived by the sensors 22 
discussed above, Which may be provided at various locations 
in the process 52 to acquire the necessary MV and DV values. 
Thus, based on the knoWn relationships betWeen the MV 
and/or DV values 100, the quality parameter model 94 may 
differentially determine a predicted value for internal bond. 

To reduce the amount of error in the predicted internal bond 
value, Which may be caused by unmeasured or immeasurable 
disturbances in the system 52, the raW internal bond predic 
tion may be biased using a biasing factor determined by the 
biasing logic 96. The biasing factor may be de?ned as a 
function of the prediction error betWeen the raW internal bond 
prediction from the quality parameter model 94 and a corre 
sponding laboratory measurement 30 of internal bond per 
formed in the laboratory testing facility 28. Though referred 
to as a “laboratory measurement” in the present example, it 
should be understood that the off-process measurement rep 
resented by the reference numeral 30 could be provided by 
any suitable off-process testing or measurement procedure, 
including those provided by automated or dedicated testers, 
of?ine sensors, etc. Thus, the raW internal bond prediction 
may be adjusted using the biasing factor to produce a biased 
internal bond prediction that may be utiliZed by the dynamic 
predictive model 98 Which may be con?gured to, based upon 
the biased internal bond prediction, generate the appropriate 
control outputs 102, 106, and 108 from the control system 94 
for manipulating various parameters of the paper manufac 
turing process 52 in order to control internal bond to meet a 
target set point or range 104. Further, due to the asymmetrical 
nature of internal bond, as discussed above, the control of 
internal bond may be emphasiZed more heavily in the Weaker 
direction compared to the stronger direction. In a particular 
implementation, the asymmetric control of internal bond may 
be accomplished by biasing the raW predicted value more 
aggressively When a prediction error betWeen the raW predic 
tion and the laboratory measurement 30 is in the Weaker 
direction (e.g., the raW predicted value is greater than the 
laboratory measurement) and less aggressively When the pre 
diction error betWeen the raW predicted value and a laboratory 
measurement 30 is in the stronger direction (e. g., the raW 
predicted value is less than the laboratory measurement). 
The asymmetric biasing control provided by the biasing 

logic 96 of the above-discussed control system 94 may be 
better understood With reference to FIG. 4 Which provides a 
diagrammatical representation illustrating the mutual inter 
actions and lines of communication betWeen the quality 
parameter model 94, the biasing logic 96, and the dynamic 
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predictive model 98. As discussed above, the quality param 
eter model 94 may derive a predicted or estimated value for 
internal bond based on various MV’s and DV’ s 100 measured 
or derived from the process system 52. The quality parameter 
model 96 may include an inferential model, such as a virtual 
sensor, con?gured to differentially derive a raW predicted 
value for internal bond, referred to here by the reference 
number 112, based on the received MV and DV values 100. 
As shoWn in the present ?gure, the raW internal bond pre 

diction 112 is biased using a biasing factor prior to being 
provided to the dynamic predictive control model 96. In a 
presently contemplated embodiment, the biasing factor may 
be determined based upon a prediction error betWeen the raW 
prediction 112 and a laboratory measurement 30. For 
example, as shoWn in the present ?gure, the raW internal bond 
prediction 112 and the laboratory internal bond measurement 
30 may be evaluated using the summation logic 114 to deter 
mine a prediction error 116. Using the prediction error 116 
and a historical bias value 118 (Which may represent a biasing 
factor computed using the previous laboratory measurement), 
the biasing logic 96 may compute the biasing factor 120. 
Further, depending on the direction of the prediction error, the 
biasing logic 96 may asymmetrically control the biasing of 
the raW predicted values 112 by adaptively adjusting the hoW 
strongly the prediction error is re?ected in the biasing factor 
120. For instance, if the prediction error 116 indicates that the 
raW predicted value 112 is greater than the current laboratory 
measurement 30, the prediction error 116 may be more 
heavily emphasiZed in the biasing factor 120. Conversely, a 
prediction error 116 indicating that the raW predicted value 
112 that less than the current laboratory measurement 30 may 
be emphasized less heavily in the biasing factor 120. In other 
Words, the present control technique favors controlling inter 
nal bond more aggressively if there is an indication that a 
laboratory measurement is loWer than the predicted value 
(e. g., Weaker direction) in order to reduce and/ or prevent the 
production of a product that fails to meet a minimum target 
speci?cation. As can be appreciated, the marginal cost of 
producing a product that exceeds a minimum required target 
speci?cation is often preferable to producing a rejected prod 
uct. 

Referring brie?y to FIG. 5, an exemplary con?guration of 
the biasing logic 96 adapted to carry out asymmetric control 
of the biasing factor 120 is illustrated in accordance With an 
embodiment of the present invention. The biasing logic 96 
may receive the prediction error 116 and the historical bias 
value 118 Which, as discussed above, may represent a bias 
value computed using the previous laboratory measurement. 
The historical bias value 118 may be stored in the memory 
circuitry 38. The biasing logic 96 may include selection logic 
122 con?gured to select an appropriate ?ltering factor 124 
based upon the direction of the prediction error 116. Accord 
ingly, the selected ?ltering factor 124 may control hoW 
heavily the prediction error is emphasiZed in the resulting 
biasing factor 120 computed by the biasing logic 96. For 
instance, if the prediction error 116 is in the Weaker direction 
for internal bond (e.g., the laboratory measurement 30 is less 
than the raW prediction 112), a larger ?ltering factor 124 may 
be selected as opposed to a condition Where the prediction 
error 116 is in the stronger direction (e. g., the laboratory 
measurement 30 is greater than the raW prediction 112). To 
provide one example, the selection logic 122 may output a 
high ?ltering factor of 0.6 if the prediction error 116 is in the 
Weaker direction and a loW ?ltering factor of 0.4 if the pre 
diction error 116 is determined to be in the stronger direction. 
Once the ?ltering factor 124 is determined, the prediction 

error 116, the ?ltering factor 124, and the historical bias value 
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10 
118 may be provided to the bias calculation logic 126 for 
computing the biasing factor 120. In a presently contemplated 
implementation, the biasing factor 120 may be calculated as 
the sum of the Weighted prediction error 11 6 and the Weighted 
historical bias value 118. By Way of example only, one com 
putational method for calculating the biasing factor 120 may 
be represented by the folloWing equation: 

BiasneW:0t(E)+(l —(1)(Biaso,d), (Equation 1) 

Wherein 0t represents the bias ?ltering factor selected by the 
selection logic 112, Wherein E represents the raW prediction 
error 116, Wherein Biaso 1d represents the previous bias value 
118, and Wherein Biasm,W represents the computed biasing 
factor 120. Thus, by Way of example, using the ?ltering 
coe?icients 0.4 and 0.6 discussed above, Where the prediction 
error 116 is determined to be in the Weaker direction, the 
value for 0t may be selected as 0.6.Accordingly, the computed 
value of Biasm,W may emphasiZe the prediction error more 
heavily than the historical bias value 118. Further, Where the 
prediction error 116 is determined to be in the stronger direc 
tion, the value for 0t may be selected as 0.4 and thus the 
computed value of Biasm,W may emphasiZe the historical bias 
value 118 more heavily than the prediction error 116. In this 
manner, the biasing factor 120 computed by the bias calcula 
tion logic 126 asymmetrically emphasiZes the prediction 
error value 116 more heavily When the error indicates that the 
laboratory measurement 30 of internal bond is loWer than the 
model prediction 112 and emphasiZes the prediction error 
value 116 less When the error indicates that the laboratory 
measurement 30 is greater than the model prediction 112. 
Further, it should be understood that the ?ltering factor values 
of 0.6 and 0.4 are intended to provide an example of one 
possible implementation. In practice, depending on the reli 
ability of the off-process testing procedure, the ?ltering val 
ues may be higher or loWer. For instance, if the off-process 
testing procedure is generally reliable (e.g., has a high degree 
of repeatability and is reproducible) a high ?ltering factor of 
0.9 and a loW ?ltering factor of 0.7 may be used. If the 
off-process test is not as reliable, then the ?ltering values may 
be loWered. For example, in the case Where the off-process 
test is less reliable, the high ?ltering factor may be 0.4 and the 
loW ?ltering factor may be 0.2. Additionally, While the biasing 
factor 120 described in the present embodiment is determined 
based at least partially upon the historical bias value, it should 
be understood that alternate implementations may calculate 
biasing factors independently of historical bias values. 

Returning to FIG. 4, the raW predicted internal bond value 
112 is biased by the combining logic 128 using the biasing 
factor 120 determined by the bias calculation logic 126 to 
produce the biased or adjusted predicted value of the internal 
bond parameter 130. As Will be appreciated, the combining 
logic 128 may be con?gured to implement addition or mul 
tiplicative correction. The biased prediction value 130 may 
then be provided to the dynamic predictive control model 98 
Which may be con?gured to control the internal bond param 
eter based upon the biased prediction 130. As discussed 
above, a dynamic predictive model 98 may be con?gured to 
generate control actions for manipulating one or more aspects 
of the process 52 in order to bring certain control variables to 
a particular desired target set point or objective. Here, the 
dynamic predictive model 98 may evaluate the biased internal 
bond prediction 130 With respect to the target internal bond 
set point 104 discussed above, Which re?ect a desired mini 
mum internal bond strength required to produce a paper prod 
uct 60 that conforms to target quality speci?cations. In some 
implementations, the desired internal bond set point 104 may 
be de?ned as a WindoW or range of values Which may still 
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produce an acceptable product. Accordingly, if it is deter 
mined by the dynamic predictive model 98 that the biased 
internal bond prediction 130 deviates from the target set point 
104, the dynamic predictive model 98 may generate the 
appropriate control outputs 102, 106, and 108, Which may be 
provided by the control system 94 to the paper machine 58, 
the broke system 54 and the stockblending system 56, respec 
tively. Additionally, based on the asymmetrical control 
mechanism provided by the biasing logic 96 in determining 
the biasing factor 120, deviations in the Weaker direction of 
internal bond are effectively corrected more quickly by the 
control model 98 due to the higher emphasis of the prediction 
error that is re?ected in the biased internal bond prediction 
130. 

FIGS. 6A and 6B provide a graphical representation 134 
shoWing the control of a process parameter Without the asym 
metrical control mechanisms discussed above and a graphical 
representation 156 shoWing the control of a process param 
eter using the asymmetrical control techniques discussed 
above, respectively. Referring ?rst to FIG. 6A, the graph 134 
includes an x-axis representing time and a y-axis representing 
the value of a process parameter in appropriate units. For 
instance, in the case of internal bond, the y-axis may represent 
values in J/m2. The trace line 136 represents the raW predic 
tion values (e.g., 112) and the trace line 138 represents the 
biased prediction values (eg 130) determined during an 
interval of the process de?ned by the control interval tO to t6. 
During the process, laboratory measurements (e.g., 30) of 
internal bond, represented here by the reference numbers 140, 
may be periodically provided to the control system 94. 
As shoWn in FIGS. 6A and 6B, the laboratory measure 

ments 140 are provided at each of the times t0, t1, t2, t3, t4, t5, 
and t6. Based upon a biasing factor calculated based on a 
prediction error de?ned by the laboratory measurements 140, 
the raW prediction curve 136 may be biased, thus producing 
the biased prediction curve 138. Further, as Will be under 
stood, the biasing factor may be periodically updated upon 
the receipt of each neW laboratory measurement 140. For 
instance, at to, an initial laboratory measurement 140 may be 
received and a biasing factor may be computed based upon 
the prediction error betWeen the laboratory measurement 140 
and the raW prediction at to. By Way of example only, the 
conventional control techniques depicted in FIG. 6A may 
?lter the prediction error using Equation 1 above, but in such 
a manner that the ?ltering factor has a value of 0.5 regardless 
of the direction of the prediction error. Referring noW to the 
initial interval tO to t1, the time tO may represent the start of a 
process or a grade change. Therefore, from the interval 
de?ned by tO to t l on the graph 134, a historical bias value may 
not be available, and a ?ltering value of unity (e.g., 1) may be 
used. Thus, as shoWn in the graph 134, the biasing factor 
determined for the interval tO to t 1 may be equivalent to the 
prediction error betWeen the raW prediction curve 13 6 and the 
laboratory measurement at to, as indicated by the biased pre 
diction curve 138. 

At t1, a neW laboratory measurement 140 may be received, 
and the biasing factor may be updated accordingly. For 
example, the measurement at t 1 indicates that laboratory mea 
surement is loWer than the raW prediction curve 138. Accord 
ingly, the biasing factor may be updated re?ect a biasing 
factor that is equivalent to half of the prediction error at t1 and 
half of the previous biasing value from tO to t1, and may be 
implemented through the control interval de?ned by tl to t2, 
as indicated by the biased prediction curve 130. As Will be 
appreciated, the computation of the biasing factor in FIG. 6A 
for each of the control intervals betWeen the lab measurement 
140 may be performed in a similar manner. For example, as 
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shoWn at t2, a neW biasing factor 144 is calculated as being 
equivalent to half of the prediction error value 142, Which is in 
the Weaker direction for internal bond, and half of the previ 
ous biasing factor value from tl to t2. At time t3, the biasing 
factor may again be updated, as indicated by the reference 
numeral 148, and is equivalent to half of the prediction error 
146 calculated at t3, Which is in the stronger direction for 
internal bond, and half of the previous biasing factor 144. 
Further, the biasing factor 152 determined at t4 is equivalent to 
half of the prediction error 150 at t4, Which is also in the 
stronger direction for internal bond, and half of the previous 
biasing factor 148. In other Words, the conventional control 
algorithm depicted FIG. 6A applies the same symmetric ?l 
tering regardless of the direction of the prediction error. 

Referring noW to FIG. 6B, the graph 156 depicts the same 
raW prediction curve 136, but implements the asymmetric 
biasing control techniques, as shoWn by the biased prediction 
curve 158. As discussed above, in one implementation, the 
calculation of a biasing factor may be determined as a 
Weighted function of a current prediction error and a previous 
bias value (e. g., calculated using the previous laboratory mea 
surement). Thus, the present implementation may Wait for an 
initial control interval to pass before the asymmetric biasing 
is initiated. For example, referring to the graph 156, tO may 
represent the start of a process or a grade change. Therefore, 
from the interval de?ned by tO to t1, a historical bias value may 
not be available. In one embodiment, the ?ltering selection 
logic 122 discussed above may select a ?ltering value of unity 
(e.g., 1) When no historical bias values are available. Thus, as 
shoWn in the present ?gure, the biasing factor determined for 
the interval tO to tl may be equivalent to the prediction error 
betWeen the raW prediction curve 136 and the laboratory 
measurement at to. 
At t1, the biasing factor may be updated using the neW 

laboratory measurement 140, Which indicates a prediction 
error in the Weaker internal bond direction. Thus, the com 
puted biasing factor may emphasiZe the prediction error at t 1 
more heavily by selecting the higher ?ltering factor (e. g., 
0.6). Accordingly, referring to the Equation 1 above by Way of 
example, the biasing factor for the period tl to t2 may be a 
computed by summing the prediction error at t 1 Weighted by 
the ?ltering factor 0.6 (0t) and the previous bias value from the 
interval tO to tl Weighted by a value of 0.4 (e.g., l-(X). That is, 
the biasing factor for the period t 1 to t2 places a stronger 
emphasis on the prediction error at tl due to the direction of 
the error being in the Weaker internal bond direction. It should 
be noted that although the biasing factor shoWn in the graph 
156 for the interval t 1 to t2 re?ects a heavier emphasis on the 
negative prediction error at t1, this biasing factor is less than 
the corresponding biasing factor of the graph 134 of FIG. 6A. 
This is due to the fact that the biasing value from tO to t 1 in the 
graph 154, Which represents the historical biasing value used 
in determining the biasing factor for the subsequent interval 
(e.g., tl to t2), is greater than the biasing factor in the corre 
sponding interval of the graph 134. 
The computation of the biasing factor in FIG. 6B for each 

of the control intervals betWeen the lab measurements 140 
may be performed in a similar manner. For instance, continu 
ing noW to t2, the prediction error 142 betWeen the laboratory 
measurement 140 and the prediction curve 136 is again in the 
Weaker internal bond direction. Thus, based on the asymmet 
ric control implemented by the biasing logic 96, the higher 
?ltering factor (e. g., (X:0.6) may be selected and an updated 
biasing factor 160 may be determined using the higher ?lter 
ing factor, the prediction error 142, and the previous biasing 
value from the interval t 1 to t2 Weighted by a factor of 1 —0t. As 
shoWn in the present ?gure, the updated bias factor 160, 
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Which may be implemented during the control period t2 to t3, 
has a greater magnitude compared to the corresponding bias 
ing factor 144 in FIG. 6A due to the increased emphasis on the 
prediction error 142. 

Continuing to t3, the laboratory measurement 140 indicates 
a prediction error in the stronger internal bond direction. As 
discussed above, in this situation, the loWer ?ltering factor 
may be selected by the biasing logic 96. For instance, refer 
ring to the examples provided above, a lesser ?ltering factor 
may have a value of 0.4. Thus, the updated biasing factor 162 
may place a lesser emphasis on the current prediction error 
146 and a greater emphasis on the previous biasing factor 160. 
It should be noted that the resulting biasing factor 162 re?ects 
a bias in the negative direction, Which is the opposite of the 
corresponding positive direction biasing factor 148 in FIG. 
6A. Indeed, this is a result of the asymmetrical bias control 
mechanism of the present technique placing a heavier empha 
sis on the previous biasing factor 160, Which is in the negative 
direction With respect to the raW prediction curve 138 and has 
a higher magnitude than the current biasing factor 162. Next, 
the laboratory measurement 140 at t4 again indicates a pre 
diction error 150 in the stronger internal bond direction. Thus, 
the biasing logic 96 may compute the updated biasing factor 
164 using the loWer ?ltering factor, as discussed above. As 
shoWn here, the resulting biasing factor 164 for the interval t4 
to t5 may have a lesser magnitude compared to the corre 
sponding biasing factor 162 in FIG. 6A due to the loWer 
emphasis on the positive prediction error 150 and a greater 
emphasis on the previous biasing factor 162, Which is in the 
negative direction. Finally, at t5, the laboratory measurement 
140 may indicate a prediction error in the Weaker internal 
bond direction, in Which case the biasing factor for the inter 
val t5 to t6 may be computed placing a more emphasis on the 
prediction error at t5 and less emphasis on the previous bias 
ing factor 164. Thus, the graph 156 depicts hoW the present 
control technique favors controlling an asymmetric param 
eter more aggressively if there is an indication that a labora 
tory measurement is loWer than the predicted value in order to 
prevent the production of a product that fails to meet a mini 
mum target speci?cation. Further, While the production of a 
product that exceeds a minimum required target speci?cation 
may incur additional marginal costs, these costs are generally 
relatively loW compared to the operational, materials, and 
labor costs expended in producing a rejected product. 

Continuing to FIGS. 7A and 7B, the control of a process 
parameter, such as internal bond, using the presently 
described techniques is illustrated. Referring ?rst to FIG. 7A, 
the control of internal bond Without the asymmetrical biasing 
techniques discussed above is illustrated by the graph 170. 
FIG. 7A also illustrates a corresponding cost function graph 
172. The graphs 170 and 172 each include an x-axis repre 
senting time. The graph 170 further includes a y-axis repre 
senting the value of internal bond in appropriate measurement 
units (e.g., J/m2) and the graph 172 includes a y-axis repre 
senting the cost of production (e. g., dollars). The dashed trace 
line 174 may represent a target set point (e.g., 104) for internal 
bond, Which may represent a minimum strength value that a 
paper product must meet. The trace line 176 represents the 
control of internal bond by a control model. As shoWn here, 
during the intervals 178 (e. g., t A to t5; t0 to tD), the controlled 
internal bond parameter is above the minimum target 174. As 
discussed above, though these values may not be optimal, in 
the context of paper manufacturing, producing a stronger 
product may be preferred over producing a rejected product. 
For example, referring to the graph 172, a production cost 
curve 184 corresponding to the control period depicted in the 
graph 170 is illustrated. The dashed trace line 182 represents 
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a target desired cost for producing a paper product meeting 
internal bond speci?cations. As shoWn in the intervals t A to t3 
and t0 to tD Where internal bond exceeds the target value 174, 
the product cost marginally correspondingly exceeds the tar 
get cost value 182. Thus, the areas 188 de?ned betWeen the 
cost curve 184 and the target curve 182 in the intervals t A to t5 
and tC to tD may represent the marginal additional costs 
incurred by producing a paper product having a slightly 
higher internal bond value than speci?ed by the target 174. 

Referring again to the graph 170, the intervals 180 (e.g., tB 
to tC; t D to t E) represent control intervals in Which the internal 
bond parameter is beloW the minimum target 174, and must 
be increased toWards the target set point 174. That is, the 
product produced in the intervals 180 represent products that 
fail to meet the minimum target quality speci?cation. Refer 
ring again to the graph 172, the costs of producing the rejected 
products are shoWn by the reference numerals 186. Thus, 
compared to the marginal costs 188 of producing a product 
that exceeds the target parameter, the sunk costs 186, Which 
may represent operation, materials, and/ or labor costs, asso 
ciated With producing the rejected product is substantially 
higher. In certain paper processes, the rejected paper may be 
recycled using the broke system 54, thus at least partially 
recouping some of the sunk materials costs 186. Neverthe 
less, the overall loss of resources in producing a rejected 
product is generally avoided in favor of producing a product 
that exceeds the target set point for a relatively small addi 
tional cost 188 that still conforms to industry quality speci? 
cations. 

Further, it should be noted that the control of the internal 
bond parameter is performed in FIG. 7A Without using the 
asymmetrical control techniques set forth herein. For 
instance, as illustrated in the graph 170, the internal bond 
value is generally controlled in a symmetrical manner regard 
less of Whether internal bond value is greater than or loWer 
than the target set point. HoWever, due to the high costs 186 
associated With the production of a rejected product, it may be 
desirable to control internal bond more aggressively Where it 
is determined that the parameter is beloW the target threshold 
174. Accordingly, the asymmetrical control techniques set 
forth in the present disclosure provides an advantage and 
improvement to the conventional control techniques of FIG. 
7A in this regard. 

Referring noW to FIG. 7B, the control of internal bond 
using the asymmetrical biasing techniques discussed above is 
illustrated by the graph 190 and a corresponding production 
cost graph 192. The trace line 194 represents the control of 
internal bond by the dynamic predictive model 98 based upon 
the biased prediction values 13 0 determined by the inferential 
model 94 and the biasing logic 96 using the biasing factors 
120. As discussed above, the biasing logic 96 is con?gured to 
emphasiZe prediction errors more heavily in one direction. 
For instance, a prediction error indicating that a internal bond 
laboratory measurement is loWer than a predicted value may 
be ?ltered using a higher ?ltering factor, thus placing a greater 
Weight or emphasis on the biasing factor 120 produced by the 
biasing logic 96. Accordingly, as shoWn in FIG. 7B, the 
control of internal bond in the time intervals 198 (e.g., t B to tC; 
t D to t E) are driven back toWards the target set point 174 more 
quickly compared to the corresponding intervals 180 in FIG. 
7A. Further, Where the internal bond values are above the 
target value 174 control of the parameter is also performed 
less, though less heavily as the resulting above-speci?cation 
product is still acceptable. 

Referring to the production cost graph 192, the trace line 
200 represents the production costs corresponding to the 
graph 190. As shoWn here, the sunk costs, represented by the 
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areas 202 between the time axis and the cost curve 200, 
incurred in producing the rejected product during the inter 
vals 198 is substantially loWer than the sunk costs 186 
incurred in controlling internal bond in FIG. 7A Without the 
asymmetrical control techniques. Additionally, the marginal 
costs 204 of producing a product that exceeds the internal 
bond target 174, is still relatively minute compared to the cost 
of producing the rejected product during the intervals 198. 

While the above examples have generally described the 
asymmetric control of strength parameters in the context of 
paper manufacturing, it should be appreciated that the present 
technique may be applicable in controlling various types of 
asymmetrical process parameters in any suitable process sys 
tem. For example, the present technique may be applicable in 
controlling the manufacturing of rubber or plastics that must 
meet a certain minimum elasticity threshold, the production 
of bio-fuels that must meet a certain minimum ethanol con 
tent threshold, or the production of a liquid product that must 
meet a certain minimum viscosity level, to name just a feW. 
Further, it should be noted that the asymmetrical parameter 
control techniques may be implemented in either direction. 
That is, rather than controlling an asymmetrical parameter 
more aggressively to meet a minimum threshold, the present 
technique may also provide for asymmetric control Where a 
parameter must not exceed a maximum target. For instance, 
even in certain paper products, strength parameters may be 
asymmetrically controlled in an opposite manner relative to 
the examples provided above. In the manufacturing of bath 
room tissue, for instance, it is generally preferable not to 
produce too strong of a product, such as to ensure that the 
product alWays tears easily along its perforations. In this 
situation, When a laboratory measurement is greater than the 
prediction value, the prediction error may be Weighted more 
heavily by using a higher ?ltering factor. Similarly, Where the 
prediction error is in the Weaker direction, a loWer ?ltering 
factor may be used in the determination of the biasing factor. 

Further, While the above-provided examples generally dis 
cuss selecting the ?ltering factor from either a higher (e.g., 
0.6) and a loWer (e.g., 0.4) ?ltering factor depending on a 
direction of a prediction error, additional embodiments may 
incorporate mechanisms to further take into account the mag 
nitude of the prediction error in addition to the direction. In 
one contemplated embodiment, a higher and loWer set of 
?ltering factors may each include a plurality of ?ltering val 
ues. For example, a prediction error that is relatively small in 
the Weaker internal bond direction may correspond to a ?l 
tering factor of 0.6, as discussed above. Further, Where the 
internal bond prediction error is in the Weaker direction, but 
has a relatively large magnitude, a ?ltering factor of 0.7 may 
be selected. Thus, in such embodiments, more than tWo ?l 
tering factors may be provided and selected based on a gra 
dient sliding scale of the magnitude of a prediction error, as 
Well as the direction of the error. 

Referring noW to FIG. 8, exemplary logic 210 for perform 
ing the asymmetrical biasing techniques generally described 
in FIGS. 4 and 5 is illustrated. The logic 150 may be imple 
mented by the processing circuitry 36 discussed above With 
reference to FIG. 2. Further, although the logic 210 Will be 
described beloW With reference to the control of internal bond 
in the context of paper manufacturing processes, it should 
again be appreciated that the techniques set forth in FIG. 8 
may be applicable to any suitable manufacturing process 
requiring in Which the asymmetric control of a process 
parameter is required. 

The logic 210 may begin by receiving MV’s and/or DV’s 
from the process at step 212. As discussed above, the MV’s 
and DV’s 100 may be measured or derived from the paper 
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16 
process system 52 through the use of the sensors 24. At step 
214, a raW predicted value of internal bond may be derived 
using the MV’s and DV’s acquired in step 212 by using an 
inferential model operating as a virtual sensor. For example, 
step 212 may include the use of the quality parameter model 
94 discussed above in deriving a raW internal bond prediction 
112. At step 216, a determination may be made as to Whether 
an off-process measurement is available. If an off-process 
measurement of internal bond is not available, then the logic 
210 may proceed to step 218, Wherein the raW internal bond 
prediction from step 214 is biased using a current biasing 
factor. As discussed above, the current biasing factor may 
have been calculated based on a previous off-process/labora 
tory measurement, if no historical laboratory measurements 
are available, may be initially set to unity (e.g., 1). Using the 
biasing factor at step 218, an adjusted or biased prediction 
(e.g., 130) may be obtained. At step 220, the biased prediction 
value may then be provided to a dynamic predictive control 
model (e.g., 98) to implement control actions in the process 
system for controlling the asymmetric parameter. For 
instance, as described above, the dynamic predictive model 
98 may output the control actions 102, 106, and 108 to adjust 
of one or more of the MV’s received at step 212 With the 
desired effect of bringing the internal bond value toWards a 
target set point, range, or upper/loWer limit (e.g., 104). 

If, at step 216, a laboratory or off-process measurement is 
available, as indicated by reference number 222, the biasing 
factor used in step 218 may be updated. For instance, the 
off-process measurement may provide an actual measured 
value of internal bond performed using one or destructive 
tests on a sample of a ?nished product. Once it is determined 
that an off-process measurement is available, the logic 210 
may proceed to step 224, in Which the off-process measure 
ment is compared With the raW internal bond prediction value 
from step 214 to determine a prediction error. 

Continuing to decision step 226, a determination may be 
made based upon the direction of the prediction error 
obtained in step 224 as to Whether the direction of the predic 
tion error is in a less tolerable direction With respect to the 
asymmetric internal bond limits. For instance, in the paper 
manufacturing examples provided in FIGS. 3-5, the imposed 
limit may be de?ned such that the internal bond value must at 
least meet a target minimum threshold. That is, values Which 
exceed the minimum are acceptable to a certain extent, 
though they may not represent the optimal process conditions 
(e.g., incurring marginal costs). Accordingly, in this case, the 
less tolerable direction may be de?ned as When the prediction 
error is in the negative direction (e. g., the laboratory measure 
ment is loWer than the predicted value). Additionally, the 
opposite scenario may also be applicable, such as Where a 
paper product (e.g., bathroom tissue) must not exceed a maxi 
mum strength parameter. In this scenario, the less tolerable 
direction may be de?ned as When the prediction error is in the 
positive direction (e.g., the laboratory measurement exceeds 
the predicted value). Thus, it should be understood in deter 
mining Which direction constitutes a less tolerable direction, 
the asymmetric nature of the parameter must be knoWn or 
de?ned. (e. g., Whether the parameter is to stay above a mini 
mum target or stay beloW a maximum target). 
Once the direction of the prediction error is determined, an 

appropriate ?ltering factor may be selected at steps 228 and 
230. As discussed above, the ?ltering factor may be selected 
by the selection logic 122 of the biasing circuitry 96. If the 
determination at step 226 indicates that the direction of the 
prediction error is in the less tolerable direction, a higher 
?ltering factor (e.g., 0.6) may be selected at step 228 to 
achieve more aggressive biasing of the raW prediction value. 
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If the determination at step 226 indicates that the direction of 
the prediction error is not in the less tolerable direction, then 
a loWer ?ltering factor (e.g., 0.4) may be selected at step 230. 
The selected ?ltering factor may then be provided to step 232 
for computing an updated biasing factor for asymmetrical 
control. As discussed above, depending on the ?ltering factor 
selected at either step 228 or step 230, the prediction error Will 
be either more heavily or less heavily emphasiZed in the 
computed biasing factor. Further, in a presently contemplated 
embodiment, the biasing factor may be determined as a func 
tion of both a current prediction error and a historical previous 
biasing factor (e.g., calculated using the previous laboratory 
measurement). By Way of example, such a function is illus 
trated above With reference to Equation 1. Thereafter, the 
updated biasing factor is provided to step 218, in Which the 
raW internal bond prediction from 214 is adjusted using the 
biasing factor to produce an adjusted or biased prediction 
(e. g., 130). The biased prediction value may then be provided 
to a dynamic predictive control model (e.g., 98) to implement 
control actions in the process system for controlling the 
asymmetric parameter. For instance, as described above, the 
dynamic predictive model 98 may output the control actions 
102, 106, and 108 to adjust of one or more of the MV’s 
received at step 212 With the desired effect of bringing the 
internal bond value toWards a target set point, range, or upper/ 
loWer limit (e.g., 104). The control of the process using the 
biasing factor determined at step 232 may continue by retum 
ing to step 212, Where neW MV and DV values are received. 
Additionally, if a subsequent off-process measurement is 
available, the biasing factor may then be updated by repeating 
the steps 224-232. 

While the above techniques have been described primarily 
With reference to the asymmetric control of a paper quality 
parameter, it should be understood that the present invention 
is not intended to be limited in this regard. Indeed, the pres 
ently described techniques may be suitable for use in a num 
ber of various processes for providing asymmetric control of 
any parameter having an asymmetrical characteristic, as dis 
cussed above. Further, it should be understood that the tech 
niques described herein may be implemented in any suitable 
manner, including hardWare-based circuitry or a computer 
program having executable code stored on one or more tan 
gible computer-readable media. The techniques described 
herein may also be implemented using a combination of both 
hardWare and softWare elements, as Will be appreciated by 
those skilled in the art. 

While only certain features of the invention have been 
illustrated and described herein, many modi?cations and 
changes Will occur to those skilled in the art. It is, therefore, to 
be understood that the appended claims are intended to cover 
all such modi?cations and changes as fall Within the true spirit 
of the invention. 

The invention claimed is: 
1. A method for controlling a process, comprising: 
estimating a process parameter value, Wherein the esti 
mated process parameter value comprises an inferred 
value component and a biasing value component; 

comparing the estimated process parameter value to a 
desired value; and 

controlling the process in a ?rst manner if the estimated 
process parameter value deviates from the desired value 
in a ?rst direction, and controlling the process in a sec 
ond manner if the process parameter value deviates from 
the desired value in a second direction; 

Wherein controlling the process in the ?rst manner com 
prises using a ?rst ?ltering factor to obtain the biasing 
value component and controlling the process in the sec 
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ond manner comprises using a second ?ltering factor to 
obtain the biasing value component. 

2. The method of claim 1, Wherein the ?rst manner includes 
driving the process parameter value more aggressively 
toWards the desired value than in the second manner. 

3. The method of claim 2, Wherein estimating the process 
parameter value comprises using an inferential model to 
determine the inferred value component. 

4. The method of claim 3, Wherein the estimated process 
parameter value is determined by biasing the inferred value 
component using the biasing value component. 

5. The method of claim 4, Wherein the biasing value com 
ponent is determined as a function of a prediction error 
betWeen the inferred value component and a measured value 
of the process parameter. 

6. The method of claim 5, Wherein using the ?rst ?ltering 
factor to obtain the biasing value component comprises 
applying the ?rst ?ltering factor to the prediction error, and 
Wherein using the second ?ltering factor to obtain the biasing 
value component comprises applying the second ?ltering fac 
tor to the prediction error. 

7. The method of claim 6, Wherein the prediction error has 
a greater Weight in the biasing value component if the process 
is controlled in the ?rst manner than if the process is con 
trolled in the second manner. 

8. A method for controlling a paper manufacturing process, 
comprising: 

determining an estimation for a parameter of a paper prod 
uct produced by the paper manufacturing process, 
Wherein the estimated paper product parameter com 
prises an inferred value component and a biasing value 
component; 

comparing the estimated paper product parameter to a 
desired set point; and 

controlling the paper manufacturing process in a ?rst man 
ner if the estimated paper product parameter deviates 
from the set point in a ?rst direction, and controlling the 
paper manufacturing process in a second manner if the 
estimated paper product parameter deviates from the set 
point in a second direction, 

Wherein controlling the paper manufacturing process in the 
?rst manner comprises using a ?rst ?ltering factor to 
obtain the biasing value component and controlling the 
process in the second manner comprises using a second 
?ltering factor to obtain the biasing value component. 

9. The method of claim 8, Wherein the ?rst manner includes 
driving the paper product parameter more aggressively 
toWards the desired set point than in the second manner. 

10. The method of claim 8, Wherein determining the esti 
mated paper product parameter comprises using an inferen 
tial model to determine the inferred value component. 

11. The method of claim 10, Wherein the estimated paper 
product process parameter value is determined by biasing the 
inferred value component using the biasing value component. 

12. The method of claim 11, Wherein the biasing value 
component is determined as a function of a prediction error 
betWeen the inferred value component and a measured value 
of the paper product parameter. 

13. The method of claim 12, Wherein using the ?rst ?ltering 
factor to obtain the biasing value component comprises 
applying the ?rst ?ltering factor to the prediction error, and 
Wherein using the second ?ltering factor to obtain the biasing 
value component comprises applying the second ?ltering fac 
tor to the prediction error. 

14. The method of claim 13, Wherein the prediction error 
has a greater Weight in the biasing value component if the 
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paper manufacturing process is controlled in the ?rst manner 
than if the paper manufacturing process is controlled in the 
second manner. 

15. The method of claim 8, Wherein the paper product 
parameter comprises an internal bond strength parameter of 5 
the produced paper product. 

16. The method of claim 15, Wherein the internal bond 
strength parameter is measured in units of Joules/meters2 
(J/m2). 

17. A method for controlling a process for manufacturing a 
produced product comprising: 

estimating a value of a process parameter of the produced 
product, Wherein the estimated process parameter value 
comprises an inferred value component and a biasing 
value component, Wherein the biasing value is deter 
mined based at least partially upon a prediction error 
betWeen the inferred value component and a measured 
value of the process parameter; 

comparing the estimated process parameter to a desired 
value; and 

20 
controlling the process by Weighting the prediction error 
more heavily if the estimated process parameter deviates 
from the desired value in a ?rst direction than if the 
estimated process parameter deviates from the desired 
value in a second direction, Wherein the Weighting of the 
prediction error is performed in accordance With a cost 
function for the produced product. 

18. The method of claim 17, Wherein the process for manu 
facturing the produced product comprises a paper manufac 
turing process for producing a paper product. 

19. The method of claim 18, Wherein the process parameter 
of the produced product comprises an internal bond strength 
parameter of the produced paper product. 

20. The method of claim 17, Wherein determining the esti 
mated process parameter comprises using an inferential 
model to determine the inferred value component. 

21. The method of claim 20, Wherein the estimated process 
parameter is determined by biasing the inferred value com 
ponent using the biasing value component. 

* * * * * 


